Purpose. To review the outcome of 32 consecutive patients who underwent 4-level anterior cervical discectomy and fusion (ACDF) with cages and plates and were followed up for at least 5 years. Methods. Records of 19 men and 13 women aged 48 to 69 years who underwent 4-level ACDF with cages and plates for myelopathy (n=11) or myeloradiculopathy (n=21) at C3 to C7 by a single surgeon and were followed up for a minimum of 5 years were reviewed. Clinical outcome was assessed using the visual analogue scale (VAS), Neck Disability Index (NDI), and modified Japanese Orthopaedic Association (JOA) score for pain or myelopathic symptoms. Radiographic evaluation included fusion rate, range of motion, cervical lordosis (C2-to-C7 Cobb angle), and disc height. Results. The mean follow-up was 66 months. All patients had good recovery of muscle strength and resolution of limb sensory disturbance, except for 4 who still had some numbness. The mean VAS for neck and arm pain improved from 14.2 to 6.84 (p=0.012);
introduction
Cervical spondylotic myelopathy is a common agerelated degenerative disease that can lead to motor and sensory dysfunction (pain, instability, and disturbance). Surgery is indicated when conservative treatment fails to resolve the symptoms. Multilevel cervical spondylotic myelopathy occurs mostly in elderly patients and is characterised by anterior compressive pathology such as disc herniation, osteophytes, or ligamentous hyperplasia. The goal of treatment is to decompress the spinal cord and nerve root, stabilise the spinal column, and restore disc space and lordotic alignment. 1 The optimal surgical procedure remains controversial. Anterior (corpectomy, multilevel discectomy), posterior (laminectomy, laminoplasty), and combined anterior and posterior surgical approaches have all been advocated and each approach has its own advantages and disadvantages. [2] [3] [4] The anterior approach is appropriate for patients with cervical kyphosis and large anterior pathogenic structures, 5 such as protruding discs, osteophytes, and ossification lesions. Anterior decompression can directly remove disc herniations and osteophytic ridges. 6 Furthermore, anterior fixation improves cervical spine stability, which can increase fusion rate, maintain intervertebral height, and reduce the complications of postoperative graft collapse. [7] [8] [9] Reconstructive techniques such as multilevel anterior cervical discectomy and fusion (ACDF), hybrid construct, and long corpectomy provide satisfactory outcome. No procedure has significant advantage over another. [10] [11] [12] ACDF results in very low morbidity and almost no mortality. 13 Nonetheless, studies on multilevel ACDF are few, 14, 15 particularly longterm follow-up studies of 4-level ACDF. This study reviewed the outcome of 32 consecutive patients who underwent 4-level ACDF with cages and plates and were followed up for at least 5 years.
Materials and Methods
This study was approved by the ethics committee of the East Hospital of Tongji University. Informed consent was obtained from each patient. Records of 19 men and 13 women aged 48 to 69 (mean, 55.3; standard deviation [SD], 6.5) years who underwent 4-level ACDF with cages and plates for myelopathy (n=11) or myeloradiculopathy (n=21) of the C3 to C7 by a single surgeon between April 2007 and January 2010 and were followed up for a minimum of 5 years were reviewed. Surgical indications included cord compression or signal change due to multilevel disc herniations and/or osteophytes. Patients with rheumatoid arthritis, previous cervical surgery, C1/C2 fusion, primary cervical vertebral fracture, congenital neck abnormalities, a history of stroke or spinal cord injury, or confounding comorbidities were excluded.
Under general anaesthesia, a right-sided transverse anterior cervical incision was made, and a standard Smith-Robinson approach was used. After soft tissue dissection and annular incision, a complete discectomy was performed at each involved level. The lower anterior lip of the upper vertebral body and osteophytes at the anterior and posterior aspects of the vertebral bodies were removed parallel to the endplate using a Kerrison punch. The vertebral bodies and osteophytes were not drilled out. The endplates were decorticated to avoid damaging the bony endplate. The nerve roots were decompressed with meticulous foraminotomies and the resulting bone chips were harvested. After preparation of both endplates, an appropriate-size polyetheretherketone (PEEK) cage (DePuy Synthes Spine, West Chester [PA], USA) was packed with autologous bone chips and then inserted into the anterior two-thirds of the disc space under fluoroscopic guidance, and stabilised with a Skyline or Vectra anterior plate (DePuy Synthes Spine). The wound was closed with absorbable undyed Vicryl sutures (Ethicon, Somerville [NJ], USA) over a deep suction drain, which was usually removed 1 day later. Patients were instructed to wear a soft collar brace for 4 weeks.
Outcome was assessed by 3 independent spine surgeons. Clinical outcome included the visual analogue scale (VAS), Neck Disability Index (NDI), and modified Japanese Orthopaedic Association (JOA) score for pain or myelopathic symptoms. 16 Percentage of recovery was calculated as: (follow-up JOA score -preoperative JOA score) / (17 -preoperative JOA score) x 100. Bone fusion was defined as (1) <2º of movement on the lateral flexion/extension views, (2) the presence of bridging trabecular bone between the endplates on the anteroposterior/lateral views, (3) no signs of failure of the anterior plate system implant, and (4) <50% radiolucency in the perimeter surrounding the cage. 15 Cervical lordosis was defined as the Cobb angle between the lower endplate of C2 and the upper endplate of C7. Change in lordosis or kyphosis was measured. Change in disc height was defined as the distance between the centre of the superior end plate of the upper vertebral body and the inferior end plate of the lower vertebral body. Subsidence was defined as a decrease in interbody height of >2 mm between immediate-postoperative and final follow-up radiographs. Pseudarthrosis was defined as non-union at one or more fusion sites.
Preoperative and final outcome was compared using the independent t-test. A p value of <0.05 was considered statistically significant. (Fig.) .
One patient had haematomas and underwent emergency surgery and had no permanent neurological deficits. Three patients developed respiratory difficulties in the first 3 days, but none required endotracheal intubation. One patient had cerebrospinal fluid leakage and was treated conservatively without any sequelae. Six patients had transient dysphagia and 3 patients had hoarseness; they had complete resolution within 3 months. Two patients with asymptomatic cage subsidence did not require reoperation. One patient with asymptomatic pseudarthrosis did not receive a second surgery. One patient with 2 loose screws in the superior vertebral required a second operation. Two patients had asymptomatic adjacent-level degeneration. None had detachment of internal fixation or fracture. Three patients had recurrence and underwent posterior laminectomies and instrumented stabilisation with a combination of lateral-mass and pedicle-screw constructs after a mean of 69 months. discussion ACDF decompresses the spinal cord and nerve roots by removing anterior pathogenic structures such as protruding discs, osteophytes, and ossification lesions. 5, 11 In a meta-analysis, the anterior approach achieves slightly better recovery of neural function than the posterior approach in patients with multilevel cervical spondylotic myelopathy. 4 Cageassisted ACDF is safe and effective because it prevents graft collapse and enables indirect foraminal decompression by restoring intervertebral height and lordosis. 14, [17] [18] [19] ACDF using a cage packed with autogenous iliac cancellous bone achieves good-to-excellent outcome and fusion with low donor-site morbidity. 15 Bone marrow stem cells from the vertebral body have osteogenic differentiation potential similar to those from the iliac crest. 20 In our patients, a sufficient volume of bone chips was collected using a Kerrison punch from the anterior lip and the posterior body
Figure
A 62-year-old man with cervical spondylotic myelopathy: (a) poor sagittal alignment and narrowing disc space and compression and signal change secondary to multiple disc herniation at C3 to C7. (b) Six years after discectomy and fusion with a cage and plating, there is complete bony fusion, maintenance of cervical lordotic curve, and preservation of adjacent disc spaces (C2-3 and C7-T1). without drilling. The high fusion rate (94%) in our patients was consistent with that reported in other studies. 14, 15 One study reported a fusion rate of 100% in the multilevel-ACDF group, 95.83% in the hybrid-construct group, and 91.95% in the long-corpectomy group. 12 Multilevel ACDF provides more fixation points that hold longer constructs rigidly in place. In contrast, corpectomy and strut grafts provide only 2 interfaces between the vertebral bodies and the graft at the remaining cranial and caudal vertebral bodies.
Decrease in impingement-or irritation-related neck pain may reduce tension in the paraspinal neck musculature and increase pain-free range of motion after ACDF. 21, 22 Focal segmental motion at the fused segment is limited with a solid fusion, but the overall motion can be improved.
Incorrect surgical techniques (such as overdistraction, endplate damage, and insufficient endplate preparation) and osteoporotic changes in the vertebral body have been reported. 18, 23 Anterior plating may reduce the rate of subsidence and is appropriate for high-risk patients. 24 The number of levels fused is positively correlated with the rate of reoperation. 25 The risk of any thromboembolism is nearly twice as great in the multilevel group compared with the single-level group, and the incidence of dysphagia is significantly higher in the multilevel group. 25 ACDF using a standalone cage without plating has achieved favourable outcome. 23, 26 The use of multiple standalone PEEK cages for multilevel cervical spondylotic myelopathy has achieved good mid-term outcome at 4 years. 16 Nonetheless, patients with cage only (compared with those with plate augmentation) have a higher incidence of cage subsidence and subsequent kyphosis, 23 longer time to fusion and lower fusion rate, 27, 28 and higher pseudarthrosis rate. 29, 30 At our institution, it is standard practice to use anterior plate fixation after anterior decompression of the cervical spine. With proper patient selection and careful endplate preparation, ACDF using a stand-alone PEEK cage packed with local autologous bone graft could be a good alternative. 31 Neither arthroplasty nor anterior cervical plating is superior to standalone ACDF in reducing the risk of same-segment recurrence or adjacentlevel degeneration, although the concept of mixed constructs combining multilevel ACDF with arthroplasty remains intriguing. 16 Adjacent-level degeneration is associated with disease progression rather than surgery. Greater strain is placed above 3 to 4 levels of fused segment. 32, 33 Nonetheless, the 5-year incidence of adjacent-level degeneration is 8.7% after 3-level ACDF and 0% after 4-level ACDF. 16 Compared with anterior cervical corpectomy and fusion with plating, ACDF with plating for MCSM achieves similar postoperative JOA score and fusion rate, greater improvement in cervical lordosis, fewer complications, and less surgical trauma. 34 Excising most of the vertebral body in anterior cervical corpectomy and fusion can affect the stability of the anterior column of the cervical spine. Although plate augmentation can increase stability, the shear stress of the titanium mesh is large, as it often crosses more than one vertebra and has a rather sharp edge and small contact area.
Hybrid surgery is increasingly popular for MCSM .19,35 One hybrid technique aims to tailor ACDF or cervical disc replacement to the selected levels to preserve segmental motion of the cervical spine and avoid long fusion and prevent adjacent segment disease. 36 Nonetheless, there is no evidence that adjacent-segment pathology is increased by fusion and decreased by arthroplasty. 37 Compared with a hybrid construct (corpectomy plus ACDF) and long corpectomy, multilevel ACDF results in the lowest non-union rate but slightly higher laryngeal nerverelated complications when proximal segments are involved. 17 Multiple discectomies are superior to corpectomy or discectomy-corpectomy hybrid approaches in terms of clinical outcome and superior sagittal correction. 17, 19 There were some limitations to this study. It was retrospective with a small number of patients. Bone fusion was assessed using radiography; computed tomography was not routinely used. Comparison with other reconstructive procedures was not made. The patient's lifestyle and occupation were not considered. Further prospective randomised studies are necessary to determine whether ACDF is superior to disc arthroplasty or corpectomy, and whether plate augmentation is beneficial for multilevel cervical spondylotic myelopathy.
conclusion
Multilevel ACDF using PEEK cages and plates is safe and effective for multilevel cervical spondylotic myelopathy and achieves satisfactory mid-term outcome.
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